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  A study on novel functional protein tool derived from bacterial products was carried out.  This 
tool is composed of two parts, a functional domain to exhibit regulated cytotoxicy and a targeting 
domain to recognize the target cell, and these domains are connected with a chemical linker.  A 
Pseudomonas aeruginosa exotoxin A (ETA) deficient in its receptor-binding domain, named 
ΔBD-ETA, was adopted as the functional domain.  ΔBD-ETA was expressed in Escherichia coli 
expression system and purified by Ni-NTA affinity chromatography. Purified ΔBD-ETA indicates no 
cytotoxity to human lung carcinoma A549 at the concentrations showing severe cytotoxity of 
wild-type ETA.  A recombinant single chain Fv (ScFv) derived from anti-carcinoembryonic 
antigen (CEA) antibody, named anti-CEA-ScFv, was selected as the targeting domain.  In contrast 
to ΔBD-ETA, anti-CEA-ScFv was difficult to express stably as functional targeting domain against 
CEA. Thus, the construction of functional protein tool has not been completed at the moment.  
However, further attempts to overcome the problem including the preparation of 
alternative/improved functional protein tool are in progress. 
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Fig. 1: Molecular model of Pseudomonas aeruginosa exotoxin A for an example of bacterial products 
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2．2 WT-ETAおよび ΔBD-ETA発現系の構築と精製 






























 抗 CEA 抗体を産生する培養細胞（T84.66A3.1A.1F2）を定
法に従って培養し、RNeasy Plus Mini Kit（QIAGEN）を用いて
総 RNAを抽出し、High Capacity cDNA reverse Transcription 
Kit（Applied Biosystems）を用いて逆転写反応を行い、cDNA
を調製した。調製した cDNA を鋳型として、ScFv 作製キットで
あるMouse ScFv Module（Amersham）を用いて、キット付属説
明書に従い抗CEA抗体の ScFv遺伝子を作製した。作製した










2．5 抗 CEA-ScFvの標的部としての評価 
 CEA陽性細胞としてCEA産生大腸癌株LoVo、およびCEA
を発現していないコントロール細胞として NB1RGBを用いた。
96 穴プレートに LoVo は 2×105cells/well、NB1RGB は






































その毒素活性は ETA のドメイン Ia（受容体結合部）が受容体
である α2-マクログロブリン受容体と結合することを引き金とし
た細胞内への受容体依存性エンドサイトーシスによって開始





受容体結合ドメインである Ia を欠失させ、精製用に分子の N







は、1L 培養分の大腸菌体から総量約 3.5mg の目的タンパク
質を調製することができた。 
 続いて、ΔBD-ETA の細胞障害活性を WT-ETA と比較した
結果、A549 に対する ΔBD-ETA とWT-ETAの 50%致死濃度
（LD50）には約 5000 倍もの差が確認された（Fig. 3A）。一方、






















































Fig. 2: Expression and purification of the recombinant proteins derived from Pseudomonas aeruginosa 
exotoxin A.  The receptor-binding domain deficient mutant BD-ETA as the functional domain of 
Functional Protein Tool (A) and wild-type WT-ETA (B) were expressed in bacterial expression 
system, and detected by CBB staining and immunoblotting using anti-His-tag antibody.  These 
recombinants were purified by Ni-NTA affinity chromatography (C). 
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Fig. 4: Morphological observation of the cytotoxic effect of wild-type exotoxin A (WT-ETA) and 
its receptor-binding domain deficient mutant (BD-ETA) on a human lung carcinoma cell line 
A549.  WT-ETA (A, B) and BD-ETA (C, D) were reacted with A549 at the concentration of 10 
ng/ml, then the morphological change was observed after 2 days (A, C) and 3 days (B, D) 
cultivation.  White arrowheads indicate the dead cells by the action of WT-ETA.  Bars: 50 m 
 
Fig. 3: Cytotoxic effects of wild-type exotoxin A (WT-ETA) and its receptor-binding domain 
deficient mutant BD-ETA on a human lung carcinoma cell line A549 (A) and a normal human 
skin fibroblast cell line NB1RGB (B).  Remarkable decrease in cytotoxicity was observed in the 
treatment with BD-ETA compared to with WT-ETA. 
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Fig. 5: Expression of the recombinant anti-CEA 
ScFv as the targeting domain of Functional Protein 
Tool.  Anti-CEA-ScFv was expressed in bacterial 
expression system and detected by CBB staining and 























Fig. 6: Evaluation of specificity of the recombinant 
anti-CEA-ScFv in cell targeting.  Anti-CEA-ScFv 
preparation was reacted with a CEA-expressed cell 
line LoVo (closed circle) and a normal human skin 
fibroblast cell line NB1RGB (opened circle), then 
its binding to each cell line was estimated by EIA.      
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